Detailed modeling of the different regions of NGC 7130 is presented, accounting for its composite nature of an AGN and a starburst galaxy. Shock waves, created by stellar winds from hot massive stars and by supernova ejecta, are evident in the continuum and line spectra emitted from the clouds. Therefore, the SUMA code, which accounts consistently for photoionization and shocks is adopted in model calculation. The results show that the nuclear region is dominated by gas ionized by a power-law radiation flux from the active center (AC). High velocity (V s = 1000 km s −1 ) clouds, which account for the broad FWHM component of the line profile, are found close to the AC, and are characterized by a high dust-to-gas ratio (> 10 −12 ), while the dust-to-gas ratio is about 10 −14 throughout the galaxy. Massive stars with temperature of 5-7 10 4 K photo-ionize and heat the gas in the outer regions and an old star population (T * = 3000 K) background radiation contributes to the fit of the continuum in the optical -near IR range. The AGN starburst connection is discussed on the basis of model results, considering, particularly, the distribution of densities and velocities throughout the galaxy. 
Introduction
NGC 7130 is a remarkable prototype of "composite" galaxy, i.e. a galaxy containing an Active Galactic Nucleus (AGN) surrounded by starburst (SB) regions both in the nuclear and circumnuclear regions. The presence of a Seyfert nucleus and of an energetic SB are evident from the optical and near-IR properties of the galaxy.
NGC 7130 (z=0.016, morphological type Sa pec) was classified as a Seyfert 2 galaxy by Phillips, Charles, & Baldwin (1983) . The object was observed in details by Shields & Filippenko (1990) . They report on spectra of nuclear and off-nuclear regions extracted from one long slit spectrum taken at P.A. = 11.5 o . The nuclear and circumnuclear regions of NGC 7130
were recently observed by Radovich et al. (1997 hereafter RRBR) and emission line ratios were measured in the different regions (see Figure 1 ). Two long-slit spectra were taken at La Silla on November 1996 with the ESO 2.2m telescope + EFOSC2 and a 2" wide long-slit oriented at position angles 90 o and 160 o through the nucleus of the galaxy. Recently, HST images and UV (GHRS) spectra plus ground based optical spectra were presented by González Delgado et al. (1998) investigating the AGN-SB connection.
Emission lines in all the observed regions in NGC 7130 have a complicate profile (RRBR) indicating that different conditions coexist. Particularly, the line profiles observed in the inner 2 " show a complex structure with two different main components: a broad line of about 1000 km s −1 and a narrow one of ∼ 200 km s −1 in the forbidden and permitted lines. These FWHM are characteristic of both AGN and SB line profiles. Velocities ≥ 1000 km s −1 were recently observed in the NLR of AGN (e.g. NGC 4151, Hutchings et al. 1999) .
Indeed shock waves must form in the tormented regions containing the SB. Shocks are also present in the narrow line-emission region (NLR) of AGN, due to collision of high velocity clouds. The presence of shocks in AGN has been generally confirmed both by the observations and model calculations. In the particular case of NGC 7130 shocks can quite likely be predicted either by the outflow of gas due to stellar winds from hot massive stars and/or by supernova ejecta.
The analysis of AGN has drastically improved in the last years as soon as observations in the different regions of a single galaxy became available. The spectra of NGC 7130 have been previously analyzed by RRBR comparing the most indicative observed line ratios with model results. The code CLOUDY (Ferland 1996) which accounts for pure photoionization effects was used.
Notice, however, that the spectral lines observed by RRBR correspond to ionization levels within the III one. These lines are generally strong when the emitting gas is ionized by radiation. The shock, on the other hand, affects lines from higher levels, because the downstream emitting gas can reach higher temperatures. Moreover, the comparison of the observed line ratios in the Baldwin, Phillips, &Terlevich (1981, Fig. 5 ) diagrams, shows that NGC 7130 spectra are typical of regions ionized both by photoionization and shocks.
An important step in the modeling process is to explain the spectra in the different regions of the galaxy in order to determine the nature of the photo-ionizing source: AGN or/and SB . The models are constrained by the agreement of line and continuum spectra, leading to precious informations about the structure of the galaxy (e.g. Contini, Prieto & Viegas 1998) .
In this work we would like, therefore, to treat NGC 7130 by considering all the available lines in single spectra and the continuum spectral energy distribution (SED), including the effect of the shock. Actually, a more complete picture of the galaxy emerges from the dynamical analysis of its different regions. The code SUMA which accounts consistently for both the ionization by an external source and for the shock is adopted. A complete description of SUMA is given by Contini & Viegas (2001, and ref-erences therein) . The relative importance of the two ionizing sources (AGN and SB) is investigated on the basis of RRBR observations. Finally, the results of the spatial distribution of the velocity field, of the gas density, of the intensity of radiation from the AC, and of the temperature of the stars throughout the galaxy, can be used to discuss the AGN-SB connection.
Models are presented in §2. The line spectra both from the narrow line component and the broad line component are calculated and compared to observations in the different regions of the galaxy in §3. In §4 we discuss the observed continuum SED and the contributions from individual singlecloud models; the fit by a multi-cloud averaged model is then presented.
The structure of NGC 7130 is discussed in §5 and conclusions follow in §6.
The models
The general model is based on previous works by Contini et al. (2001) , Viegas & Contini (1994) , Viegas-Aldrovandi & Contini (1989) , and references therein, regarding the NLR of AGN: gaseous and dusty clouds emitting the line and continuum spectra move either outward (see Fig. 2 ) from the active center (AC) or inward toward the AC. A grid of models is calculated for NGC 7130 both in the case of a power-law (pl) radiation from the AC and of black body (bb) from stars; however, only the best fitting models are shown in the tables. The models account consistently for the shock, for the photoionizing radiation flux from an external source, and for diffuse radiation emitted by hot slabs of gas within the clouds.
The input parameters are: V s , the shock velocity, n 0 , the preshock density, B 0 , the magnetic field, F ν , the radiation flux from the AC in units of number of photons cm −2 s −1 eV −1 at 1 Ryd, and the spectral index α, in the power-law case; U, the ionization parameter and T * , the color temperature of the stars, in the black-body case; D is the geometrical thickness of the emitting clumps and d/g, the dust-to-gas ratio by number. Abundances of He, C, N, O, Ne, Mg, Si, S, CL, and Fe relative to H are basically taken from Allen (1973) , and eventual changes are discussed in the text.
The ranges of the input parameters were chosen with the following criteria, however, they were then adjusted in order to achieve the best fit to the data:
1) The shock velocity is deduced roughly from the FWHM of the line profiles, but it is not always necessarily the FWHM.
2) The intensity of the radiation flux from the AC is evaluated from Viegas-Aldrovandi & Contini ( 1989) and Contini & Viegas (2001) 3) The density of the emitting gas is roughly deduced from the [S II] 6716/6730 line ratios.
4) The temperature of the stars and the ionization parameter are determined directly from the fit of model calculations.
5) The geometrical thickness of the clouds is a crucial parameter which can be hardly deduced from the observations. Indeed, in the turbulent regime created by shocks, R-T and K-H instabilities cause fragmentation of matter which leads to clouds with very different thickness coexisting in the same region.
From the modeling point of view, once the physical conditions of the emitting gas, and the photo-ionizing type and intensity are determined by the appropriated line ratios, the geometrical thickness of the cloud is deduced from the ratio between high and low ionization level lines. In fact, larger clouds will contain a larger volume of gas at a relatively low temperature, leading to stronger low ionization level lines. The choice of D, within the range of the observational evidence, is then constrained by the best fit of a large number of line ratios.
The clouds are matter-bound or radiation-bound depending on the geometrical thickness, as well as on F ν and V s .
6) The dust-to-gas ratio is determined by the SED of the continuum in the IR range. 7) For all models a magnetic field B 0 = 10 −4 gauss is adopted. 8) A spectral index α = 1.5 characterizes the power-law radiation. Different values are tested during the fitting process of calculated to observed spectra, considering particularly that the HeII/Hβ line ratio is sensibly affected by the choice of α. The adopted value of 1.5 is generally in agreement with Seyfert 2 galaxy spectra.
We have run models considering both inflow and outflow of gas, with the aim of explaining the spectra of NGC 7130 and providing, moreover, some information about the strongest line ratios, which could be of general use. On the other hand, models referring to an outflow better explain the line ratios and will be adopted to model the galaxy. The presence of outflowing gas in the nuclear regions of NGC 7130 is confirmed (González Delgado et al. 1998) by the fact that interstellar absorption lines as SiII 1260 and SiII 1526 are blueshifted by 720 km s −1 with respect to the systemic velocity. A more indirect evidence for outflowing gas in the outer regions (R ≤ 16 kpc) has been provided by Levenson et al. (2001) : they showed that the soft X-ray emission in NGC 7130 is dominated by thermal emission whose origin is the outflowing superwind in a starburst.
In the outflow case a shock front forms on the outer edge of the clouds.
The radiation flux from the AC reaches the inner edge of the clouds opposite to the shock front. A different situation occurs for the SB regions, which are distributed in both the nuclear and the circumnuclear regions of the galaxy.
Radiation from stars reaches either the inner or the outer edge of the clouds depending on their location in the galaxy. More particularly, black body radiation from hot stars located in the nuclear region reaches the inner edge of the clouds opposite to the shock front, whereas, radiation from hot stars located in the circumnuclear regions reaches the very shock front edge of the clouds (Fig. 2) .
Comparison of calculated with observed spectra
The comparison of the observed line ratios I(λ)/I(Hβ) with model calculations is presented in Tables 1 and 2 for the nuclear region and in Tables 3   and 4 for the circumnuclear region; also given are the distance of the center of each region from the peak in the continuum (r c ) and its size (∆r). The + indicates that both components of the doublet are summed up. The ionizing continuum is a power-law for models PL1-PL3, a black-body for models BB1-BB9. In the latter case the radiation source is not necessarily in the very center of the galaxy. The input parameters of the models appear in the bottom of the tables. The best fitting models were generally selected among those corresponding to stars external to the emitting cloud region.
The nuclear region
Three regions (N1, N2, and N3) were observed within ∼ 2 " from the nucleus (see Figure 1) Model BB2 which accounts for bb radiation from the stars also explains some of the line ratios observed in region N1. The calculated absolute Hβ flux of model BB2 is lower by a factor of > 100 than that of PL1 and PL2 which are power-law dominated models, therefore, the effect of star radiation in the spectrum of N1 could be felt only adopting a high weight of the model BB2 in the averaged sum of PL1, PL2, and BB2 spectra. Notice, however, that González Delgado et al (1988) claim that the HeII 4686 line cannot be properly estimated due to the absorption features close to 4686Å. Consequently the flux and the FWHM cannot be estimated to better than within a factor of 2. Moreover, González Delgado et al find that
Hβ is resolved in two components: the narrow one with ∼ 300 km s −1 and the broad one with ∼ 960 km s −1 . Therefore, both the narrow and the broad component must be accounted for ( §5). The radiation flux from the AC, F ν , adopted for model PL3 is higher by more than a factor of 20 than those adopted in explaining the N1 spectrum (PL1, PL2). This indicates that either region N2 is closer to the AC or that the cover factor is lower. [OIII]/Hβ is higher than in N1. N2 is closer to the active center, therefore reached by a stronger F ν which maintains the gas hot and ionized in a large region of the cloud. However, the [OI]/Hβ line ratio is higher in N2 than in N1. This indicates that a large region of cold gas is present inside the clouds. Consequently, the geometrical thickness of the emitting clouds in N2 is larger than in N1. We do not refer to the other neutral line, [NI] , because the critical density for collisional deexcitation is very low (< 1000 cm −3 ). As densities are higher in N2 than in N1 the effect of D is washed Finally, the geometrical thickness of the clouds in the N1 and N3 regions observed at position P.A. = 90 o is not larger than 0.2 pc, while in the N2 region the emitting gas corresponds to clumps of ∼ 1 pc.
Regions centered on the nucleus at P.A. = 160 o
The spectra observed at P.A. = 160 o are compared with model calculations in Table 2 . The internal region N2 shows the same conditions as found at P.A. = 90 o . N1 and N3 spectra, on the other hand, are dominated (besides the effect of the shock) by stars with a temperature of about 7.5 10 4 K (Table 2, (1997) is not high enough and a double value should be necessary to fit the line ratio. Such high values are given by Osterbrock (1965) and Burbridge et al (1963) for planetary nebulae, and are generally accompanied by a higher O/H. It is however possible that, due to the low signal to noise ratio in these regions, the template was not properly subtracted and as a consequence the intensity of Hβ was underestimated.
Morphological structure of the nuclear region
The distance of the emitting nebula from the center of the galaxy can be roughly deduced from the comparison of observed and calculated Hβ absolute fluxes. We start with region N2 which is closer to the nucleus and adopt model PL3 as the best fitting model to the line spectrum. We refer to P.A. Similar calculations for region N1 give R(N1) = 1.9 / √ ff pc. Comparison with the observations indicates that a lower ff should characterize region N1 because N1 is at a larger distance from the nucleus.
The modeling of the spectrum observed from region N3 shows that the emission from gas photo-ionized and heated by black body radiation corresponding to T * = 5 10 4 K dominates. To estimate the distance r of the nebula from the bb radiation source we recall that N ph (ρ/r) 2 = U n c, where N ph is the Planck function, ρ the radius of the stars, r the distance from the nebula, U the ionization parameter, and n the gas density. A bb temperature of 5 10 4 K corresponds to N ph = 6. 10 24 cm −2 s −1 Adopting ρ= 10 9 − 10 10 cm, U = 0.001 and n = 20 cm −3 (Table 1) , the distance of the nebula from the bb source is ∼ 0.03 -0.3 pc . This distance is very small compared to the dimension of region N3 and shows that the stars are within this region. The same conclusion applies to other bb radiation dominated regions.
The circumnuclear region
The line spectra corresponding to the observations of the circumnuclear region at P.A.= 90 o are given in Table 3 . The spectra are poor in number of lines, but the lines are the most significant ones. The best fitting model (BB6) shows the presence of stars with temperatures of ∼ 5 10 4 K, in agreement with those found in the nuclear region, however, the geometrical thickness of the clouds is higher (≥ 1 pc), and the density is lower (n 0 = 10 cm −3 ).
The spectra observed at P.A.=160 o are given in Table 4 . The comparison of the observed spectrum from region A1 with the calculated spectra shows that the emitting gas has a low density, n 0 = 20 cm −3 and is ionized by a bb radiation with T * = 7 10 4 K and shocks of 200 km s −1 (model BB7).
The spectra observed in the A2 and A3 regions are roughly fitted by models with a density higher by a factor of 10 and slightly lower bb temperatures (models BB8). Model BB8 is calculated adopting that the bb sources are beyond the circumnuclear region (the bb radiation reaches the external edge of the clouds, the very shock front edge). Interestingly, region A4 shows a different situation. In fact, A4 is located in the very outskirts of the galaxy.
Here (see model BB1) both densities (n 0 = 60 cm −3 ) and velocities (V s = 50 km s −1 ) are low because the physical conditions are merging with those of the ISM. Radiation from the stars, which reaches the internal edge of the clouds, is very weak but still affecting the spectrum. The clouds are rather extended, with D = 0.2 pc.
The spectrum observed from region B is also roughly fitted by model BB8. However, the contribution of model BB9 calculated with a higher V s (∼ 300 km s −1 ), a lower n 0 (∼ 30 cm −3 ), and a bb temperature of 2 10 4 K could improve the fit of some lines. This model is calculated considering that the radiation from the bb source is acting on the edge of the clouds opposite to the shock front. In other words, these stars are located in a region of the galaxy internal to B. Table 5a we show the best fit obtained by pl models, representing the AGN, while in Table 5b bb models are shown, representing the starburst. Notice that these models refer to the narrow line spectrum, which must be added to the broad line spectrum for the final result. Recall that one goal of this work is to give a more complete picture of the physical conditions in NGC 7130, considering, particularly, the contribution of shock waves. Therefore, we focus on the line ratios which are less easily explained by pure photo-ionization models, and we present in with the parameters adopted to fit the data in Table 5b . Regarding pl models (Fig. 4b) , the highest [NII]/[SII] line ratios can be obtained adopting 9.5≤ log F ν ≤ 10.3 with a few points also at log F ν = 11, 10 16 cm ≤ D ≤ 10 18 cm, with a few points also at D> 10 19 cm, n 0 ≤ 200 cm −3 , and V s ∼100-200 km s −1 . These values were adopted to fit the models in Table 5a .
The results can be explained considering that the first ionization poten-tial of sulfur, IP(S)=10.36 eV, is lower than that of nitrogen, IP(N)=14.53
eV. The larger is D, the larger the region of low temperature gas inside the clouds, so [S II] lines are stronger. On the contrary, the stronger is F ν (and U), the higher is the temperature of the gas in a large zone, so [N II] lines are stronger. The heating of the gas is also dependent on the shock velocity, V s , but the density plays an important role in the cooling rate, so, the trends
as functions of V s and n 0 are less monotonic. However, these diagrams give only a rough indication because the contribution of the broad line components must be summed up consistently.
The accurate modeling of the spectra at P.A. = 11.5 o confirms the previously found result that the AGN prevails in the inner regions between -2.4" and +2.4", whereas the starburst prevails in the regions farther from the nucleus. However, the two regions observed at -4.8" and +6.0" could also be fitted by pl models calculated with a flux intensity from the AC lower than that used to fit the nuclear spectrum. A few lines are observed in those regions, consequently, the models are less constrained. Indeed, the flux intensity decreases with distance from the nucleus, while, logically, the values of U assumed in the bb models (Table 5b) do not show an outward decreasing trend, because they depend on the location of the starbursts, either in the nuclear region or in the arms.
The complex nature (AGN + SB) of NGC 7130 is schematically illustrated in Fig. 5 , where the ionization parameter U is given throughout the galaxy at P.A. = 11.5 o as a function of distance from the center. U is lower in the nuclear region than in the circumnuclear regions. This indicates that the ionizing sources in the nuclear region and in the circumnuclear region have a different nature. Recall that for AGNs, U ∝ F ν /n, where n is the density after compression (n/n 0 ≥ 10) downstream of the shocks accompanying the cloud motion. The photoionizing radiation flux is diluted by distance from the AC. The clouds in the nuclear region are at a distance of > 2 pc from the ionizing source (the AC), which is higher by a factor ≥ 10 than the distance of the clouds from the ionizing source (hot stars) in the SB region ( §3.2). Moreover, n in the SB case corresponds to the preshock density, therefore, a higher U is found in the starburst regions. Higher F ν in the nuclear region would correspond to higher U, but higher F ν are excluded by the fit of the line spectrum. Interestingly, the ionization parameter in the outskirts of the galaxy show maxima at -5" and +5" indicating the location of the SB in the regions in which the slit crosses the SB ring. Two high velocity shock (V s = 1000 km s −1 ) models, HV1 and HV2, are tested. They are characterized by the different preshock densities (Table   6 ). The models were selected among those best fitting both the line ratios and the continuum SED simultaneously (cf §4 Moreover, a stratification of densities increasing towards the broad line region characterizes the narrow line region of AGN. Model HV1 has V s = 1000 km s −1 and n 0 = 1000 cm −3 , is shock dominated (s.d., F ν =0) with a high d/g (5 10 −12 ). The high dust-to-gas ratio prevents the flux from the AC to reach the gaseous cloud, so that ionization and heating of the gas are due only to the shock. Compression is high and the downstream density reaches n max = 2 10 5 cm −3 . The Hβ absolute flux is low because the rapid cooling downstream reduces the H + region. On the other hand, in composite models which account for the shock, low R OIII are produced by emission from gas heated by the shock to high temperatures and very high densities are not necessary to explain the low R OIII line ratio. In the case of relatively low densities, high velocity models may represent jets which are not decelerated by collision with high density clouds. Model HV2 in Table 6 characterized by n 0 = 50 cm −3 represents this case. In Table 6 the results of the line intensity ratios to Hβ= 1 calculated by high velocity models are compared with the observations in the inner nuclear region N2. Model pl3 which better explain the narrow line spectrum (Tables 1 and 2 ) also appears in Table 6 . Notice that whenever different regions of emitting gas coexist in one object the observed spectra contain the contribution of all of them. The most probable model must consistently account for all lines and continua.
The broad line component
)
The spectral energy distribution
The purpose of this section is to check whether the continuum produced by the previously derived models is consistent with the observed spectral energy distribution (SED). The continuum SED emitted from the NLR of a group of Seyfert 2 galaxies ) was investigated by Contini & Viegas (2000) . We adopt their point of view and assume that the continuum SED is essentially radiation reprocessed by the clouds: bremsstrahlung from gas in the UV-optical range and reradiation by dust in the infrared range (Viegas & Contini 1994) . Alternatively, the optical-UV SED of the continuum can be explained by the distribution of black body radiation from relatively high temperature stars. This case, however, seems less reliable, as discussed previously by Contini & Viegas (2000, §2.2 
.2.3).
The SED data represent the integrated emission from the whole galaxy observed at each frequency. The UV to optical continuum data are taken from Kinney et al. (1993) , De Vaucouleur et al (1991), Lauberts & Valentijn (1989) ; far-infrared data are taken from Moshir et al (1990) . The datum at 1.4 GHz comes from Whittle et al. (1992) and the other data in the radio range from Bransford et al (1998) . The upper limit at 1 keV is given by Rush et al. (1996) .
We compare in Figs. 6, 7, and 8 the observed continuum SED with singlecloud models which explain the observed line spectra ( §3). We showed in the previous section that three components are needed in order to model the emission line ratios: i) clouds ionized by power-law radiation from the AC, ii) clouds ionized by bb radiation from stars and iii) high velocity clouds. All these components may contribute to the observed continuum. We first analyse the contribution to the SED given by the single-cloud models discussed above, for each component separately. We then show that the observed SED is consistent with a weighted sum of these single-cloud SEDs. Given the few points available from observations and the heterogeneous way in which they were obtained, this should be considered as a consistency check rather than an exact fit.
The three radiation components (synchrotron emission in the radio range, dust emission in the IR, and bremsstrahlung emission from the gas) are shown separately in the figures. No data are available in the UV range and we assume that radiation from the AC is completely absorbed.
The data are measured at Earth, whereas the models calculate the flux at the nebula. To exactly fit the data, the intensity of the calculated continuum flux is multiplied by a scaling factor which accounts for the number of the typical emitting clouds, for the filling factor and, above all, for the square R/d ratio, where R is the distance of the emitting region from the center of the galaxy and d is the distance of the galaxy from Earth.
Notice that emission by dust is represented by the peaks with maxima at about 2 10 12 Hz. The peak height constrains the d/g value, after normalizing the bremsstrahlung from the gas, while the frequency corresponding to the maximum peak depends on the temperature of the grains. Gas and dust are coupled within the clouds. The grains are heated by radiation and by collisions (see Viegas & Contini 1994 ). In the presence of shocks the gas reaches the maximum temperature in the immediate postshock region before rapidly cooling downstream, therefore, the maximum temperature of the grains is determined by the shock velocity. In other words, reradiation
by dust from models with the same V s peaks at about the same frequency.
Consequently, the datum in the mid-IR, at ν = 1.2 10 13 Hz, will be fitted by models characterized by a higher V s .
Models calculated by a power-law radiation
The SED of the observed continuum is compared with models PL1, PL2, and PL3 in Fig. 6 . 
Models calculated by black body radiation
Models (BB2, BB3, BB4, BB5, BB6, BB7, BB8, and BB9) are compared with the data in Fig. 7 . Model BB9 is represented by the dashed lines and BB8 by the solid lines, all the other models by dotted lines. The models are normalized to the highest frequency data in the near UV.
The trend of bremsstrahlung in the optical-near UV region (10 14 -10 15
Hz) is different from the observed one. However, model BB9 explains the upper limit in the soft X-ray range. Model BB8 shows a maximum peak of the bremsstrahlung emission at about 1.6 10 14 Hz. The peak in the soft X-ray region of model BB9 is at higher frequencies compared with the other models because V s is higher, and the mid IR datum at 1.2 10 13 Hz is also well reproduced. The fit of the far IR and mid IR data settle a d/g of about 1-2 10 −14 .
The data between 10 13 and 3 10 14 Hz could be reproduced by black body radiation from stars at a temperature of 3000 K which represents the contribution from the old star population background as was noticed in other Seyfert 2 galaxies (Contini & Viegas 2000) .
High velocity models
High velocity shocks are generally invoked to fit the data in the soft X-ray domain and reradiation by dust in the mid IR. Figs. 6 and 7 show that the upper limit in the soft X-ray range is roughly fitted by radiation from the AC and/or bremsstrahlung from a 300 km s −1 velocity shock (model BB9).
The two data in the near IR can be reproduced by reradiation of dust (at 1.2 10 13 Hz, model BB9) and by bremsstrahlung of gas reached by a strong power-law radiation flux (at 2.5 10 13 Hz, model PL3), respectively. The simultaneous fit of data in both the soft X-ray and IR frequency domains, however, does not exclude emission from hot gas and dust corresponding to high velocity shocks. The continuum SED of models HV1 and HV2 appears in Fig. 8 . The two models peak at slightly different frequencies owing to the strong effect of the density. The high density of model HV1 enhances cooling thus reducing the emission from hot gas.
Summarizing, the comparison of Figs. 6, 7, and 8 leads to the following results.
The upper limit in the soft X-ray is ambiguously reproduced by the flux from the AC (Fig. 6) , and bremsstrahlung from gas heated by shocks of V s ≥ 300 km s −1 (Figs. 7 and 8 ).
Models dominated by pl radiation, which represent the AGN explain the continuum dataset in the optical -near UV range, while most of the models dominated by bb radiation, which represent the starburst, show a trend different than that of the observed continuum in the frequency range between 10 14 and 10 15 Hz.
The data in the optical range are better explained by adding the contribution of the background old stellar population (T * = 3000 K) to the bremsstrahlung from bb dominated models (Fig. 7) .
Emission in the IR is explained by reradiation of dust which is mainly collisionally heated by the shocks.
In the radio range self absorption reduces bremsstrahlung radiation at long wavelengths and the data are explained by synchrotron radiation created by Fermi mechanism at the shock front.
The multi-cloud spectrum
It was shown in the previous sections that the spectra emitted from the different regions of the NGC 7130 galaxy cannot always be modeled by a single-cloud spectrum. Therefore, we compare in Table 6 the spectra which result from the weighted sum of single-cloud spectra to those observed in the nuclear region N2. The continuum observed from the NGC 7130 galaxy is compared with a multi-cloud model in Fig. 9 .
In the top of Table 6 the line ratios to Hβ are given; in the middle of the table the input parameters appear, followed in the bottom by the weights (W) adopted in the average sum and the relative contribution of single models to the [OIII] 5007 line (P [OIII] ).
We assume that the narrow line contribution to the spectrum emitted The weights of the broad and narrow components which give the best fit of the weighted sum (AV1) to the N2 spectrum are given in Table 6 To respect the upper limit in the soft X-ray range, the bremsstrahlung emission intensity of model HV1 is reduced by four orders of magnitude relative to model PL3 in Fig. 9 , whereas the best average of the line spectrum is obtained by raising the HV1 flux by a factor of 10 relative to PL3 in Table   6 . Two different weights in the line and continuum averages are not contradictory considering the strong absorption of bremsstrahlung radiation in the X-ray domain. Assuming a cross section, σ abs = 2 10 −22 cm 2 (Zombeck 1990 ) at about 10 17 Hz, the optical depth τ = n max D σ ff results 120 ff for model HV1. A reduction by a factor of 10 −5 of the bremsstrahlung emission in the X-ray domain gives ff ∼0.04. Dust is heated at high temperatures by collision with gas. Reemission by dust in the near IR is reduced by the same factor as in the X-ray, because there is mutual heating between dust and gas.
As discussed previously, an alternative model for the broad line component is characterized by a low preshock density, n 0 = 50 cm −3 . The line spectrum calculated by model HV2 is given in Table 6 and the calculated continuum SED is presented in Fig. 8 . The averaged sum of PL3 and HV2 (AV2) which gives the best fit to the line spectrum implies comparable weights, namely, W(PL3) : W(HV2) :: 1 : 1 (Table 6 ). The [O III] 4363/ Hβ line ratio is underestimated, therefore, the averaged model AV2 is less valid than the averaged model AV1.
The final fit to the continuum SED by a multi-cloud averaged model is presented in Fig. 9 . The continua of single-cloud models are summed up relatively to their weights. Model PL2 representing the nuclear region N1 is added to the model PL3 which represents the nuclear region N2 with a weight lower by a factor of 6. This indicates a larger distance from the AC. Owing to its lower weight, model PL2 is not included in Table 6 . The weights of bb radiation dominated models which represent the circumnuclear starburst are by a factor < 10 lower than the weight of model PL3 which prevails in the nuclear region and represents the AGN. Notice, however, that the contribution of clouds photo-ionized by bb radiation to the continuum spectrum cannot be neglected because the line spectra calculated by bb models explain most of the observed line spectra, particularly, in the circumnuclear region. They are, therefore, included in Fig. 9 .
The multi-cloud model presented in Fig. 9 shows a mean ultravioletoptical slope between a rest wavelength of 1910 A and 4250 A of γ ∼ 1 (F λ ∝ λ γ ) and a power-law index in the power-law continuum between 1230 A and 2600 A, β = -0.54, in agreement with γ = 0.9 and β = -0.5, respectively, given by Heckman et al. (1995, Table 1 ). Our analysis therefore indicates that the ultraviolet-optical continuum is dominated by radiation from the AGN. It should be however noted that Storchi-Bergmann et al. (2000) concluded, from the comparison with spectral models, that the 3500-4100 A spectrum observed in a 2"x2" aperture is consistent with the combination of a bulge template with light from young and intermediateaged stars.
Discussion
In previous sections the distribution of the densities and of velocities throughout the galaxy are calculated. The distribution of the densities can be related to the location of the SB, whereas the distribution of velocities is consistent with the velocity field in the NLR of AGN.
The preshock densities calculated in each region of NGC 7130 are marked in Fig. 10 . The highest densities, which are not displayed in Fig. 10 for sake of clarity, are found in the nuclear region and reach 1000 cm −3 . These densities are typical of the high velocity clouds in the inner narrow line region of the AGN. Densities (preshock) of about 200 cm −3 appear in the nuclear N2 region and in the circumnuclear spiral arms. In the region between them the densities range from 10 to 50 cm −3 .
More particularly, in the circumnuclear region at P.A.= 160 o , the preshock densities calculated in regions A1 and A4 (see Table 4 ) are lower by a factor of about 10 than those in regions A2 and A3 which contain the starbursts and correspond to the spiral arm. The calculated ionization parameter U for A1 and A4 is lower than for A2 and A3 by a factor ≥ 10, indicating that the clouds in these two regions are farther from the ionizing source ( §3.2),
i.e. the starbursts, which in fact are located only into regions A2 and A3.
The same is valid for regions A1, A2, and B1 observed at P.A. = 90 o .
The velocity distribution throughout NGC 7130 shows relatively high velocities (1000 km s −1 ) close to the active center, a large region (nuclear Notice that compression is strong (up to a factor ≥ 10) in the cloud downstream region, depending on V s and n 0 , triggering star formation. Star formation presumably occurs once the density crosses the threshold critical value. As observed by Kennicutt (1989) the nonlinear increase in the star formation rate near the threshold may provide a straightforward explanation for the strong concentration of star formation in the spiral arms of many galaxies. NGC 7130 shows strong star formation in the nuclear region and in the spiral arm, as expected from the ratio of the density in the central region and in the arms to that in the interarm regions. The ratio is larger than 4, and thus consistent with a Schmidt law for normal values of the power-law index (n ∼2).
Concluding remarks
We present new consistent calculations of both the line and continuum spectra of the composite galaxy NGC 7130. The analysis throughout the galaxy shows that the nuclear region is dominated by spectra emitted from gas ionized by a power-law radiation from the AC. The effect of the shock is also important and is revealed from both the SED of the continuum and the line spectra.
Shock adopted by both codes), the ionization parameters, (log U < -3 adopted by SUMA and -3.5 by CLOUDY in the nuclear region and log U = -3 adopted by both codes in the circumnuclear region), the type of radiation pl and bb, prevailing in the nuclear and circumnuclear regions, respectively, and the N/H relative abundance (< 1.5 cosmic by SUMA and twice cosmic by CLOUDY). The fit of the average model AVC (Table 6) Positions along the slit overplotted on a HST WFPC2 image of NGC 7130 (F606W filter). Fig. 2 The figure display the two models here adopted: (a) the inner edge of a cloud is ionized by radiation from the active nucleus and/or from hot stars, the shock is acting on the outer edge;
(b) the radiation from stars and the shock front act on the same edge of the cloud. Results of inflow models are compared with the data (empty triangles). Filled triangles : n 0 = 50-100 cm −3 , log F ν = 10 -11, D=10 18−19 cm. Filled squares : the same as for filled triangles with n 0 =200 cm −3 . The distribution of the ionization parameter U throughout the galaxy at P.A. = 11.5 o . Filled circles : pl models; filled squares : bb models. The comparison of model calculations with the observations of the SED of the continuum (filled squares) for power-law radiation dominated models. PL1 is represented by short dashed lines, PL2 by solid lines, and PL3 by dots. Fig. 7 The same as Fig. 6 for black body radiation dominated models. BB8 is represented by solid lines, BB9 by dashed lines, and all the other models by dots. The dash-dotted line indicated black body radiation from old stars (see text).
Fig. 8
The comparison of high velocity model SED with observations (filled squares).
Fig. 9
The best fit of model weighted sum (solid lines) to the observed data (filled squares). The dashed line shows that absorption is present in the low frequency range. Dotted lines represent single models (PL2, PL3, BB5, BB6, BB7, BB8, BB9 and HV1). Shields & Filippenko (1990) 
